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ABSTRACT 
 
 
 
Leachate is one of the major problems to overcome in managing the landfill. 
Treatment that low cost, need less maintenance and environmental friendly are the 
target on how to treat the leachate. This research was focused on the capability of the 
magnetic technology to remove pollutant combined with constructed wetland. The 
study carried out through two type of systems, which were pre-treatment magnetic 
field with wetland (PTM-W) and continuous circulation magnetic field with wetland 
(CRM-W). A PTM-W system consists of two stages of treatments which are pre-
treatment using magnetic field (PTM) followed by treatment using wetland. The 
circulation flowrate for pre-treatment and CRM-W were fixed to 1.8 mL/s with 
exposure time of 6 hours fabricated from 6 paired of magnet with strength 0.55 
Tesla. The constructed wetlands were planted with Eichhornia crassipes (floating 
type). The efficiency of the systems to reduce the concentration of orthophosphorus, 
nitrate nitrogen, ammonia nitrogen, BOD, COD, ferum and manganese were 
analysed, whilst, heavy metal uptakes was analyst in plant tissues. From the study it 
was found that the wetland is significantly contributed in removal efficiency of BOD, 
orthophosphorus and nitrate nitrogen. Circulation with magnet has the ability to 
reduce time of treatment in removal efficiency of COD, ammonia nitrogen, ferum 
and manganese. The results showed CRM-W systems can reduce up to 60% of 
ammonia nitrogen removal, 68.7 % of ferum and 60% of manganese after 6 hours of 
treatment). Wetland was able to remove 99% of nitrate nitrogen, 96% of ammonia 
nitrogen and 83% of BOD after end of experiment. It can be conclude that magnetic 
field posed a great role in removing heavy metal, whilst wetland has a great ability in 
removing orthophosphorus, nitrate nitrogen, ammonia nitrogen, BOD and COD.  
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ABSTRAK 
 
 
 
Air larut resap merupakan satu masalah utama yang dihadapi dalam 
pengurusan tapak pelupusan. Rawatan yang berkos rendah, penyelenggaraan yang 
minima dan mesra alam adalah rawatan yang menjadi sasaran dalam merawat air 
larut resap. Kajian ini memfokuskan kepada keupayaan magnet dan tanah bencah 
buatan untuk menyingkirkan bahan pencemar. Dua jenis sistem rawatan digunakan 
iaitu pra rawatan medan magnet bersama tanah bencah buatan (PTM-W) dan aliran 
pengelilingan medan magnet bersama tanah bencah buatan (CRM-W). Sistem PTM-
W terdiri daripada 2 peringkat rawatan iaitu pra-rawatan air larut resap menggunakan 
magnet diikuti dengan rawatan menggunakan tanah bencah buatan. Kadar alir untuk 
pra-rawatan dan CRM-W adalah 1.8mL/s dengan masa pendedahan selama 6 jam 
dengan menggunakan sistem magnet yang terdiri daripada 6 pasang magnet kekal 
berkekuatan 0.55 Tesla. Eichhornia crassipes (tumbuhan terapung) digunakan dalam 
kajian ini. Keberkesanan sistem ini untuk menyingkirkan orthophosphorus, nitrate 
nitrogen, ammonia nitrogen, BOD, COD, Fe dan Mn dikaji manakala tisu tumbuhan 
dikaji untuk menentukan keupayaan tumbuhan dalam menyerap logam berat. 
Keputusan menunjukkan tanah bencah buatan adalah berupaya untuk menyingkirkan 
kepekatan BOD, orthophosphorus dan nitrate nitrogen di dalam air larut resap. 
Kaedah magnetik aliran pengelilingan berupaya untuk mengurangkan masa rawatan 
dan menyingkirkan kepekatan COD, ammonia nitrogen, Fe dan Mn di dalam air larut 
resap.  Sistem CRM-W berupaya menyingkirkan sehingga 60% ammonia nitrogen, 
68.7 % Fe dan 60% Mn setelah 6 jam rawatan. Tanah bencah buatan berupaya untuk 
menyingkirkan 99% nitrate nitrogen, 96% ammonia nitrogen dan 83% BOD setelah 
eksperimen selesai. Kesimpulannya medan magnet mempunyai kecekapan untuk 
menyingkirkan logam berat dan tanah bencah buatan mempunyai kecekapan untuk 
menyingkirkan orthophosphate, nitrate nitrogen, ammonia nitrogen, BOD dan COD 
di dalam air larut resap. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
I.1 Introduction 
 
Municipal landfills are designed to protect human populations and the 
environment by collecting and confining wastes within a managed facility. The 
standard landfilling method involves the excavation of a large depression, into which 
refuse is deposited and covered with soil. Although this practice effectively confines 
solid waste, it also produces a highly polluted liquid by-product known as landfill 
leachate, which is created as precipitation percolates through the decomposing waste.  
 
Typical municipal landfill leachate constituents include Biochemical Oxygen 
Demand (BOD), Chemical Oxygen Demand (COD), Total Suspended Solids (TSS), 
metals (ferum, manganese, chopper) and organics matter (Hooper, 1999). When left 
uncontrolled, these constituents can leach into and seriously degrade groundwater 
aquifers and aquatic habitats. Consequently, leachate collection and treatment 
systems are essential components of responsible landfill management. 
 
Conventional leachate treatment systems are typically based on concrete and 
steel infrastructure, which rely on intensive inputs of chemicals and nuclear or fossil 
fuel energy. An ideal leachate treatment system should have the ability to treat a 
wide range of chemical constituents, accept varying quantities and concentrations of 
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leachate, and be inexpensive to construct and easy to maintain with low energy and 
personnel requirements.  
 
In recent years, however, leachate treatment wetlands have been considered 
as a natural alternative to these conventional technologies. As a chemical-free 
technology, it is aesthetically pleasing and less expensive to operate and maintain. It 
is therefore not surprising to see a growing interest in the potential use of constructed 
wetlands for leachate treatment. Constructed wetlands treatment systems have also 
been used as filters for a wide variety of pollutants. Wetlands have been shown to 
improve leachate and wastewater quality through processes that include microbially 
mediated transformation, plant uptake, precipitation and adsorption reactions.  
 
 
 
I.2 Problem Statement 
 
Water is the second most important after the oxygen. Fundamental for human 
civilization start near by the river such as River Nile, Mississippi River, Thames 
River and Klang River in Malaysia. Nowadays, water has been the global issues in 
the world. Even high develop countries had been very concern about their source of 
water. In Malaysia, which receive high rainfall every year also start to manage the 
sources in good practices. An increasingly challenging issue due to rapid economic 
growth causes point and non-point of pollutant. Major sources pollution are from 
organic pollution such as agro industrial waste mainly oil palm and rubber; 
manufacturing and processing industry; animal husbandry; residential and pollution 
from sediment such as land development; agricultural and logging.  
 
Increase generation and accumulation of solid wastes are beginning to 
produce environmental problems. The volume of municipal waste generated is 
mainly attributable to the increase in population and other waste generation activities 
as these countries advance into the direction of industrialization. Malaysia has about 
24 million of population, with an average rate of waste generation of 1 
kg/capital/day. The volume of municipal solid waste (MSW) will obviously 
increased significantly in the near future.  
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The volume of solid waste in major cities in Malaysia has been increasing 
steadily over the years with the increase in population, socioeconomic activities and 
physical development. It is also seen that in municipal with high population density, 
the rate of increase of wastes per capita per day is more. Economic growth and 
resultant urbanization has increased the volume of solid waste – more advanced a 
region, higher the size of waste per capita per day. In most cities especially in high 
rise buildings, the increment in waste generation has resulted in serious overspill 
since refuse chutes are unable to cope with rising waste generation rate. Solid waste 
will always be generated as long as human activities exist. Higher waste generation 
has given rise to disposal of solid waste.  
 
Landfill is one of the methods to dispose the waste generated. But landfilling 
too poses as a potential threat to the quality of the environment, as leachate produced 
through biological degradation of waste in a landfill. Leachate characteristic was 
similar to toxic waste due to content of heavy metal such as cadmium and lead 
(Razman et al., 1993). Landfill leachate may contaminate not only surface water and 
groundwater supplies (Tatsi and Zouboulis, 2002) but may also cause marine water 
pollution and trans-boundary contamination (Al-Muzaini et al., 1995).  
 
 
 
I.3 Objectives of the Study 
 
The purpose of this study is to identify the effectiveness treatment of leachate 
using constructed wetland with magnetic field. The objectives of the study are: 
 
(i) To determine the removal efficiency of Orthophosphorus, Nitrate 
nitrogen, Ammonia nitrogen, Biochemical Oxygen Demand (BOD), 
Chemical Oxygen Demand (COD) and heavy metals (Ferum and 
Manganese) with pre-treatment magnet (PTM); 
 
(ii) To determine the effective of pre-treatment magnetic field with 
wetland (PTM-W) and continuous circulation magnetic field with 
wetland (CRM-W) on leachate; and 
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(iii) To study the heavy metal (Fe and Mn) uptake by Eichhornia crassipes 
in roots and leaves.  
 
 
 
I.4 Scope Of The Study 
 
The study was on the effect of the wetland with magnetic field for leachate 
treatment. In each experiment, the same magnetic strength, flowrate, concentration of 
leachate and plant species were used. The scopes for this study were: 
 
(i) There were three type of wetland system, Control which was the 
constructed wetland, PTM-W and CRM-W (without any pre-
treatment applied). For the PTM-W, the sample was treated (pre-
treatment) with magnetic field for 6 hours before discharge into the 
wetland system. The results for PTM were analyzed. For the CRM-W, 
sample used was directly discharge into the wetland system and 
sample was circulated to the magnetic field for a period of 6 hours a 
day. The experiments were carried out for duration of 27 days; 
 
(ii) Six sets of permanent magnet with 0.55 Tesla was used in the 
experiment; 
 
(iii) Heavy metals uptake by Eicchornia crassipes was studied. The 
equipment used for analysis were HACH DR/4000 spectrophotometer 
and BOD5 incubator; and 
 
(iv) The parameter concerns were Orthophosphorus, Nitrate nitrogen, 
Ammonia nitrogen, BOD, COD and heavy metals (Ferum and 
Manganese) for leachate sample, whilst heavy metals for root and 
leaves. 
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The experiments had been carried out at Environmental Engineering 
Laboratory, Faculty of Civil Engineering, Universiti Teknologi Malaysia. The 
leachate was taken from Pasir Gudang Sanitary Landfill, Johor. 
 
 
 
I.5 Importance of the Study 
 
This study is to carry out a preliminary research in treatment of leachate. 
Much interest has developed in recent years in using constructed wetlands to remove 
contaminants from water, whether it is effluent from municipal or private waste 
systems, industrial or agricultural wastewater, or acid mine drainage (Kenneth, 
2000). In Malaysia, there are more landfill has been developed to fulfill the 
population growth. With high population, it means more waste will be produce. 
Leachate that contains hazardous components needs expensive, high technology 
treatment and equipment to comply with the Department of Environment (DOE) 
standard which to maintain the water quality. Leachate that contains hazardous 
components needs expensive, high technology treatment and equipment to comply 
with the DOE standard which to maintain the water quality. Leachate can contain 
high levels of organic matters, nutrients and heavy metals. Leachate has several 
adverse effects on the human health such as carcinogenic systems, skin disorders, 
neuro-toxicity, kidney damage, suppressed immunity, digestive disorders, as well as 
adverse effects on flora and fauna.  
 
A pilot constructed wetland, was introduced for landfill leachate treatment as 
an innovative technology that provides simple and inexpensive waste water treatment 
at the Dragonja landfill site on the Adriatic coast (Bulc et al, 1997). The results show 
that constructed wetland was fairly efficient, which removed 68% COD, 46% BOD5, 
81% NH3-N, 80% Fe and 85% bacteria. Wetland also is one of the practical methods 
to reduce total phosphorus and total nitrogen in lakes (Mwanuzi et al., 2003), from 
plant nursery runoff water (Huett et al., 2005) and soil leachate in subsurface wetland 
microcosms (Fraser et al., 2004; Picard et al., 2005).  
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Constructed wetlands have been used as an attractive low-cost method for 
controlling water pollution from both point and nonpoint sources (Olsan, 1992; 
Mitsch, 1992). Dunbabin and Bowmer (1992) have revealed that constructed wetland 
also show good potential for concentrating metals from industrial wastewaters. 
Wetlands prevent the contamination of groundwater or to prevent groundwater from 
infiltrating into the wetland (Kadlec et al., 2000). Constructed wetlands system may 
be a solution, and are growing in popularity as a natural and economical alternative 
for leachate treatment. Constructed and natural wetlands also can contribute in 
reducing heavy metal and nutrient significantly to watershed water quality (Olsan, 
1992). Wetland also was categorized in the Best Management Practices (BMP) 
which is one of the best methods to reduce non-point source pollution (Ayob and 
Supiah, 2005).  
 
According to research done by Johan (2003), magnetic field gives excellent 
result in formation of sediment in waste water. The study revealed that higher 
magnetic strength and lower flowrate will enhance the settling of suspended particles 
and reduction of SS, BOD5, NH3-N and COD concentration in sewage. The magnetic 
field affected the equilibrium and stabilization of suspended particle that cause the 
particles to settle after aggregation process. Research done by Ying (1999) proved 
that particles settlement efficiency increases with increasing magnetic field strength. 
High gradient magnetic separation (HGMS) for treating food processing wastewater 
can cause reductions in TP, SS and chemical oxygen demand (Petruska and 
Perumpral, 1978).  
 
More research and study should be carried out to explore various treatment 
techniques. With application of magnetic field, it can affect the equilibrium and 
stabilization of suspended particle that cause the particles to settle after aggregation 
process. Therefore, with these two combinations, constructed wetland and magnetic 
field will be the alternatives method to treat the leachate with proper treatment and 
low cost.  
 
 
 
  
 
 
 
 
 
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Wetland 
 
Wetlands are defined as a land in which the water table is above or at the 
ground surface level for a sufficient length of time to maintain saturated soil 
conditions and the growth of micro-organisms and related vegetations (Eng, 1998). 
Wetlands are vital for sustaining human live and must be managed accordingly 
(Ramakrishna, 2002). Wetlands waters interact strongly with other biotic and biotic 
components of the ecosystems. Every water quality parameter is altered by passage 
through a wetland ecosystem. Nutrients and other dissolved constituents, heavy 
metals, suspended solids and bacteria move into and out of the wetland with entering 
and leaving waters. Their concentrations can be altered by uptake, cycling and 
dilution. Wetland can be divided into two categories, which are natural wetlands and 
constructed wetland. 
 
 
 
2.1.1 Natural Wetland 
 
Natural wetlands include swamps, marshes, fens, and bogs. Natural wetlands 
are transitional areas located between terrestrial ecosystems and a more permanent 
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water body such as lake. They occur where the water table is at or near the land 
surface or when the land is periodically covered by shallow water, they are thus 
characterized by soils which are inundated for at least part of the year and by various 
types of aquatic or semi-aquatic vegetation. 
 
Properly managed wetlands can intercept runoff and transform and store 
(non-point source) NPS pollutants like sediment, nutrients, and certain heavy metals 
without being degraded (Ayob and Supiah, 2005). In addition, wetlands vegetation 
can keep stream channels intact by slowing runoff and by evenly distributing the 
energy in runoff (Cameron et al., 20303). Wetlands vegetation also regulates stream 
temperature by providing streamside shading. Some cities have started to experiment 
with wetlands as an effective tool to control runoff and protect urban streams. 
 
Wetlands have a natural water quality improvement functions. There has been 
a tremendous amount of interest in using wetlands to treat runoff from urban areas, 
agricultural lands, and other pollutant sources (Chye, 2002). Wetlands do provide 
valuable water quality protection for downstream rivers, lakes, and estuaries, the 
quality of the wetlands. 
 
 
 
2.1.2 Constructed Wetland 
 
Environmentalists have referred to wetlands as nature's kidneys. Much 
interest has developed in recent years in using constructed wetlands to remove 
contaminants from water, whether it is effluent from municipal or private waste 
systems, industrial or agricultural wastewater, or acid mine drainage (Kenneth, 
2000). Constructed wetlands represent an emerging ecotechnological treatment 
system, which are designed to overcome the disadvantages of natural wetlands (Eng, 
2002). A properly constructed wetland designed has these advantages:  
 
(i) Provides a high level of treatment - Properly designed, constructed, 
maintained and managed wetlands can provide very efficient 
treatment of wastewater (Chen et al., 2006); 
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(ii) Is inexpensive to operate - A constructed wetland requires little, if 
any, energy use and equipment needs are minimal (Shutes et al., 
2002a). A well-designed wetland transfers water by gravity through 
the system. If topography limits the use of gravity, pumps will be 
necessary which increases the cost of operation. Once established, 
properly designed and constructed wetlands are largely self-
maintaining; 
 
(iii) Can be relatively inexpensive to construct - Each constructed 
wetland's design is site specific, taking into consideration such 
variables as topography, water supply, soil types, type of livestock 
operation, etc. Selection of a site with accommodating specifications 
keeps establishment costs low (Rew and Mulamoottil, 1999; Higgins 
and Brown, 1999);  
 
(iv) Is able to handle variable wastewater loadings – Properly designed 
wetlands have shown great tolerance for varying amounts of 
wastewater loading;  
 
(v) Reduces the land area needed for application of wastewater - 
Constructed wetlands reduce the concentration of contaminants. Thus, 
the land area needed for application of water from a constructed 
wetland is less than the land area needed for direct application of 
wastewater (Shutes et al., 2002b); and  
 
(vi) Can be ascetically pleasing - Depending upon design, location, and 
type of vegetation, constructed wetlands can enhance the landscape 
with color, texture, and variety in plant materials.  
 
Residence time is the time it takes the water to leave the wetland. Wetland 
water levels must remain relatively constant to provide adequate vegetation for the 
system to facilitate the removal of contaminates. If water levels drop drastically, 
plant life diminishes and the system does not function correctly.  
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A properly constructed wetland that is designed to work with the topography 
has many advantages including: a high level of treatment, low operational expenses, 
low construction costs, reduced or eliminated odor problems, handling of varying 
wastewater loadings, reduced land costs for land application of wastewater, ascetic 
appeal, and providing a wildlife habitat (Rew and Mulamoottil, 1999). Constructed 
wetland through natural removal processes was successful at removing iron, 
aluminium and sulphate in leachate from waste heap (Batty et al., 2005) 
 
The constructed wetlands systems can have different flow formats, media and 
types of emergent vegetation planted. Constructed wetlands are classified into two 
types in general, namely free water surface systems (FWS) and subsurface flow 
systems (SF).  
 
(a) Free Water Surface Systems 
 
Free Water Surface (FWS) systems mimics’ natural marshlands. 
Figure 2.1 shows the elements in FWS systems. It has a natural or constructed 
clay layer or impervious liner made of geotechnical material as bottom to 
prevent seepage.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1 : Free water surface wetland system (Eng, 1998) 
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Above the impervious layer is the soil or other suitable medium to 
support the growth of emergent plants. Wastewater, at a relatively shallow 
depth, flows horizontally over the soil surface. The configuration of the 
system, which is usually in the form of long narrow channel, the shallow 
water depth, low flow velocity and presence of plant stalks, as well as litter, 
provide the necessary conditions for near plug-flow hydraulic pattern. 
 
(b) Subsurface Flow Systems 
 
This system is also known as Vegetated Submerged Bed (VSB), Root 
Zone System, Rock Reed Filter or Microbial Rock Filter as illustrated in 
Figure 2.2. The Subsurface Flow (SF) wetlands basically consist of the same 
components as the FWS systems, but the wastewater is confined to the 
substratum. The media supporting plant growth normally consist of soil, sand, 
gravels and rocks in that order downwards to provide better bed porosity. The 
flow format of wastewater can be upflow, downflow or horizontal flow with 
the more commonly encountered SF wetlands belonging to the horizontal 
type. Most systems have been designed with 1% slope or slightly higher. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2 : Subsurface flow wetland system (Eng, 1998) 
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When the wastewater flows through the media, it is being purified 
through contact with the surface of the media and the root zone of the plants. 
The subsurface zone is generally anoxic but the plants can transfer excess 
oxygen to the root systems thus creating aerobic microsites adjacent to the 
roots and rhizomes. There is also a thin anoxic zone in the substratum 
adjacent to the air-soil interface.  
 
 
 
2.1.3 Element in Wetland Systems 
 
There are a few elements in wetland systems. These elements can affect the 
performance of wetland. The important elements in wetland are Biological Oxygen 
Demand, nitrogen and phosphorus, heavy metal and suspended solids. 
 
(a) Biochemical Oxygen Demand 
 
The oxygen related measures of water quality are strongly related to 
microbial and algal activity. A common parameter measured in waste water 
treatment facilities is Biochemical Oxygen Demand (BOD). Reduction may 
vary with retention time, but it is clear that BOD levels in waste water are 
reduced after passing through wetland ecosystem. The Chemical Oxygen 
Demand (COD) levels are similarly affected.  
 
(b) Nitrogen and Phosphorus 
 
Phosphorus, nitrogen and other nutrients found in the soil 
compartment of the wetland can exist in two phase: dissolved in interstitial 
waters or associated with the solid sediment. The solid phase can include 
adsorbed ions, precipitates, nutrients bound in organic matter, and chemicals 
bound in the lattice of sediment particles. Nutrient can reach this 
compartment of the ecosystem by the simple process of physical diffusion.  
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The processes which can alter the amount of nitrogen or phosphorus 
in the stored pool in the static components of the ecosystem include uptake 
and release from plants, as well as various microbial conversions. Nitrogen 
fixation occurs through microbial and algal action, including symbiotic 
associations of microorganisms and higher plants. Denitrification, the 
conversion of nitrate nitrogen to atmospheric nitrogen, possibly through 
intermediate compounds, has been found in many marshes. The process is 
microbial and requires an anaerobic environment. There is considerable 
evidence that this is a very important process in many marshes. Shallow 
waters with fluctuations in oxygen status and organic substrates are likely to 
be sites of high denitrification, with nitrogen productions rates approaching 2 
– 4 mg/L perday.  
 
Although plants take up nitrogen and phosphorus, they also release 
these same nutrients back to the ecosystem, including the wetlands waters. 
Decomposition of dead plant material can release a significant fraction of 
stored nutrients in a relatively brief period of time.  
 
(c) Heavy Metal 
 
Toxicity of heavy metals and the tendency for these materials to 
accumulate in the food chain are problems associated with man’s impact on 
wetlands. Municipal waste water and sewage sludges, which discharge 
directly or indirectly into a wetland ecosystem, can vary in concentration of 
heavy metal. There are believe that aquatic and semi-aquatic plant species 
absorb heavy metals from water and incorporate them in various structures 
such as leaves, roots and stems (Kamal et al., 2004). Heavy metals also can 
be uptake by various plant parts in waters of differing salinity and heavy 
metals content. In the case of chromium, the roots appear to be the initial 
uptake location (Peverly et al., 1995). In wetlands sediments may act as a 
secondary sink for sorption of heavy metals. Thus, in summary, the heavy 
metal content of waters entering a wetland appears to be reduced upon 
passage through that ecosystem. 
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(d) Suspended Solids 
 
A wetland naturally receives particulate matter from three possible 
sources: runoff from surrounding upland, litterfall of particulate matter from 
vegetation, and transport by way of channel, tide, or wave action. 
Decomposition of the litter within the wetland can produce fine particulate 
organic matter which ultimately may be transported from the wetland by 
water currents (during high runoff conditions). The type of organic or other 
suspended matter that exists in wetlands varies from site to site. 
 
There are two direct measures of solids within water-turbidity and 
weight. Turbidity can influence light penetration, and consequently 
photosynthetic activity and oxygen content. In this sense, suspended solids 
affect the entire aquatic biological community. Suspended solids are 
important in total ecosystem function, for they transport relatively large 
quantities of nutrients, heavy metals and other substances (Eng, 2002). These 
may be carried as part of the structure of the solid itself or as adsorbed 
materials.  
 
 
 
2.1.4 Treatment Process Mechanisms 
 
 An understanding of the treatment mechanisms is essential so that design of 
wetland systems can be improved for better treatment performance. The principal 
mechanisms for pollutant removal in constructed wetlands include biological 
processes such as microbial metabolic activity and plant uptake as well as physico-
chemical processes such as sedimentation, adsorption and precipitation. 
 
(a) Biodegradable Organic Matter Removal 
 
In wetlands systems, microbial degradation plays a dominant role in 
the removal of soluble/colloidal biodegradable organic matter (BOD or COD) 
in wastewater, the remaining BOD associated with settleable solids being 
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removed by sedimentation. Both the SF and FWS systems essentially 
function as attached growth biological reactors. For the FWS systems, the 
contribution of suspended microbial growth in the water column to BOD 
removal also must be noted. The mechanism of BOD removal in the attached 
biofilms is similar to that of trickling filters. Biodegradation takes place when 
dissolved organics is carried by the diffusion process into the biofilms on the 
submerged plants stems (FWS systems), the root system and surrounding soil 
or media. The role of wetland vegetations is confined to providing a support 
medium for microbial degradation to take place and conveying oxygen to the 
rhizophere for aerobic biodegradation to occur. 
 
(b) Solids Removal 
 
Settleable solids are removed easily via gravity sedimentation as 
wetland systems generally have long hydraulic retention times. Nonsettling / 
colloidal solids are removed via mechanisms which include: straining, 
sedimentation and biodegradation. The kinds of removal mechanism at work 
are very dependent on the sizes and nature of solids present in the wastewater 
and the types of filter media used. Wetland vegetation has a negligible role to 
play in solids removal.  
 
(c) Nitrogen Removal 
 
In wetlands systems, nitrogen transformations take place in the 
oxidized and reduced layers of soil, the root-soil interface and the submerged 
portions of the emergent plants. Removal of nitrogen in wetlands is achieved 
through three main mechanisms, which are nitrification / denitrification, 
volatilization of ammonia and uptake by plants.  
 
Organic Nitrogen is mineralized to NH4+ in both oxidized and reduced 
soil layers. The oxidized layer and the submerged portions of plants are 
important sites for nitrification in which NH4+ is converted to NO2- by 
Nitrosomonas and eventually to NO3- by Nitrobacter bacteria. At higher pH, 
some NH4+ exists in the form of NH3 and is lost to the atmosphere by the 
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volatilization process. . Figure 2.3 depicts the processes of nitrogen removal 
in the flooded soil environment. Nitrate in the reduced zone is depleted 
through denitrification, leaching and some plant uptake (Eng, 2002). 
Submerged plant provided more organic material of high quality to support 
heterotrophic organisms. It is also possible that the surfaces of submerged 
plant offered more suitable surfaces for bacterial growth and thereby 
increased the bacterial population (Bastviken et al., 2005). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3 : Nitrogen transformation in wetland system (Lim, 1998) 
 
As far as the root-soil interface is concerned, oxygen from the 
atmosphere diffuses into the rhizosphere through the leaves, stems, rhizomes 
and roots of the wetlands plants and creates anoxic layer similar to that 
existed at the soil-water interface (refer Figure 2.3) (Maehlum, 1999; Johnson 
et al., 1999). Nitrification takes place in the aerobic rhizosphere where NH4+ 
is oxidized to NO3-. The NO3- not taken up by plants diffuses into the anoxic 
zone where it is reduced to N2 and N2O by the denitrification process. 
Ammonium in the rhizosphere is replenished by NH4+ in the anoxic zone by 
diffusion.  
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(d) Phosphorus Removal 
 
The phosphorus removal mechanisms in wetland systems include 
vegetation uptake (Fraser et al., 2004; Huett et al., 2005), microbial 
assimilation, adsorption onto soil and organic matter and precipitation with 
Ca2-, Mg2+, Fe3+ and Mn2+. Adsorption and precipitation reactions are the 
major removal pathways when the hydraulic retention time is longer and 
finer-textured soils are being used, since this allows greater opportunity for 
phosphorus sorption and soil reactions to occur. Adsorption and precipitation 
reactions merely trap the phosphorus in the wetland soil. Once the storage 
capacity has been exceeded, the soil / sediment have to be dredged for 
ultimate disposal.  
 
(e) Heavy Metals Removal 
 
When dissolved metals entered a wetland ecosystem, possible 
removal mechanisms include:  
 
(i) Precipitation as insoluble metal hydroxides in the aerobic zone 
and metal sulphides in the anaerobic zone of the substratum 
(Kadlec, 1999); 
 
(ii) Adsorption onto precipitates of iron and manganese 
oxyhdroxides in the aerobic zone; and 
 
(iii) Complexation or chelation with dead plant materials and soil 
media, and uptake into roots, rhizomes and leaves of wetland 
vegetations (Shutes et al., 2002b; Eckhardt et al., 1999; 
Nedelkoska and Doran, 2000).  
 
Since the substratum is the major sink for metals, the maximum 
capacity for metals retention eventually will be reached. Ultimate removal of 
heavy metals from wetlands systems will be by dredging the substratum for 
proper disposal.  
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(f) Organic Priority Compounds Removal  
 
Wetland systems have the capability to remove organic priority 
compounds in wastewater primarily by mechanisms including volatilization, 
adsorption, microbial degradation and plant uptake. Bacterial degradation of 
organic priority pollutants under both aerobic and anaerobic conditions has 
been shown to be feasible but adsorption of the pollutants onto the biofilms 
must precede the acclimation and biodegradation processes. Organic priority 
pollutants can also be removed by physical adsorption onto settleable solids 
followed by sedimentation. This often occurs in the initial portion of the bed. 
Removal by plant uptake has been reported but the significance of the 
pathway is relatively unknown and may be dependent on plant species and 
pollutant characteristics.  
 
(g) Bacteria and Viruses Removal 
 
The mechanisms for bacteria and viruses removal in wetland systems 
are essentially the same as those found in pond systems. Bacteria and viruses 
are removed from the waste stream by:  
 
(i) Physical processes such as aggregate formation followed by 
sedimentation, filtration and adsorption 
 
(ii) Actual die-off as a result of prolonged exposure to hostile 
environmental conditions though physical means of removal 
such as in (1) may also lead to eventual die-off.  
 
 
 
2.1.5 Wetland Plants 
 
Wetland plants are profilic plants growing in water bodies. The wetland 
plants intercepts overland water flow and remove some or most of its sediment and 
nutrients, and reduce the volume of runoff (Lim et al., 2002). Bacteria that attach to 
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the surface of wetland plants plays important role in removing pollutants in 
wastewater (Cronk and Fennessy, 2001). 3 types of wetland plants, which are 
emergent plants, submerged plants and floating plants. 
 
Emergent plants type where, shoots distinctly above the water surface and are 
attached to the soil by their roots such as cattail and bulrush as shown in Figure 2.4. 
These plants tend to have a higher potential in wastewater treatment, because can 
serve as a microbial habitat and filtering medium.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4 : Emergent plants : (a) bulrush, (b) Cattail, (c) reeds 
 
Submerged plants are those that grow below the water surface such as 
hydrilla and coontail. These species are not effective for wastewater treatment due to 
the requirement of light penetration into the water bodies. Figure 2.5 shows the 
example of submerged plants. 
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Figure 2.5 : Submerged plants : (a) hydrilla, (b) coontail 
 
Floating plants have their root portions submerged but not attached to the soil 
such as water hyacinth and water lettuce. Figure 2.6 shows some example of floating 
plants. Floating type can serve as a good habitat for the bacteria responsible for water 
stabilization and also can be used in polishing wastewater (Mashhor et al., 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6 : Floating plants : (a) water hyacinth, (b) water lettuce 
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The wetland plant used in this study is floating type, water hyacinth. The 
scientific name for water hyacinth is Eichhornia crassipes. Eichhornia crassipes has 
an inflated petiole that is sponged with many air spaces, serving as float for the 
plants. It has clusters and light purple flower. Generally secondary treatment system 
and tertiary treatment system are applied in Eichhornia crassipes-based treatment 
system, which degradation of organic matter and microbial transformations of 
nitrogen proceed simultaneously ecosystem. Eichhornia crassipes can withstand 
extremes of nutrient supply, pH level, temperature and even grow in toxic water.   
El-Gendy et al. (2004; 2005) demonstrates that the removal efficiencies of nitrogen, 
potassium, phosphorus, chloride, and total solids from leachate were found to be 
affected by the growth of Eichhornia crassipes. Higher removals were obtained with 
higher plant growth. In his study also found that Eichhornia crassipes plants 
survived in a pH range of 4.0 to 8.0. Both alkaline pH (above 8.0) and highly acidic 
pH (below 4.0) had inhibitory effect on the growth of plants. The pH range, for 
optimum growth of the water hyacinth plants was found to be 5.8 to 6.0. 
 
 
 
2.2 Magnet 
 
Numerous studies on effects of exposure to a magnetic field have been 
studied especially in scale reduction and formation/crystallization of calcium 
carbonate. Magnetic fields have proven can increase the formation of sediment 
particles. The magnetic field affected the equilibrium and stabilization of suspended 
particle that cause the particles to settle after aggregation process. Magnetic 
separations are usually effective only for particles (i.e., collections of molecules) 
because the strength of the interaction of magnetic fields with single molecules is 
ordinarily much less than thermal energies in solution.  
 
Treatment using magnet as an alternative to treat pollutants in water has 
become a major concern. Magnetic field can reduce cost compared to physical and 
chemical treatment. In magnetic systems, there are adding no chemical to the 
systems, it is more environmentally acceptable (Ifill, 1994). The evidence that weak 
fields (magnetic field) can affect the behaviours of both living and non-living 
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materials is fascinating, and it is believed that this effect occurs because frequencies 
of magnetic fields can modify mass-transport phenomena and the related reactions of 
particles or ions, which play an important role in the overall process. Ifill (1994) 
revealed that magnetic field has the ability to alter the growth rate of bacteria, which 
are the living creatures. Magnetic field can increase the formation of CaCO3 
crystallization (Kobe et al., 2003; Kobe et al., 2001), scale reduction in water 
treatment device (Busch and Busch, 1997) and many more application which is 
related to non-living things.  
 
Research done by Ying (1999) proved that particles settlement efficiency 
increases with increasing magnetic field strength. High gradient magnetic separation 
(HGMS) for treating food processing wastewater can cause reductions in TP, SS and 
chemical oxygen demand (Petruska and Perumpral, 1978). The degree of the 
magnetic effects on the stability of colloidal solutions, increase with decreasing 
particle size because the relative thickness of the absorbed layer becomes large with 
decreasing particles size (Higashitani et al., 1993).  
 
 The magnetic effects can remains at the particle for certain periods after 
expose to the magnetic field. This behaviour was so called memory magnet. The 
effect of memory magnet was mention by Highashitani et al. (1992), Barrett and 
Parsons (1997) and Coey and Cass (2000). Highashitani et al. (1992) revealed that 
the magnetic effect on particles remains for at least 143 hours after the magnetic 
exposure is completed. Barrett and Parsons (1997), in their study on precipitation of 
CaCO3, indicate that magnetic effect is maintained for at least 60 hours after 
exposure and 200 hours as mention by Coey and Cass (2000). 
 
 
 
2.2.1 Elements in Magnetic Field 
 
The effects of electromagnetic fields on the behaviour and the properties of 
matter have long been investigated since the corner-stone works by Farady and 
Maxwell (Beruto and Giordani, 1995). 
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Magnet is consisting of two poles, which are North Pole and South Pole. 
Permanent magnet is categorized as bipolar magnet and unipolar magnet. Bipolar 
means magnet that have two poles (north and south) at the same surface for the both 
terminal, while unipolar means magnet that have different poles at each end opposite 
terminal. The magnetic field was directed out from North Pole to the South Pole. 
Figure 2.7 shows the magnetic filed force for varies types of magnet position.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7 : Magnetic field directed out from North pole into South pole 
 
Lorentz force is the force affecting to the charged particle that moving 
through magnetic field. Mention by Spiegel (1998), Lorentz force is the force 
resulted from flowing solution that constituent with charged particle or ions that 
moving through magnetic field in perpendicular with flow direction. The moving 
ions resulting weak electrical current giving additional force to the charged particle 
so called Lorentz force that in perpendicular direction with magnetic field force and 
particle flows. The velocity of particle will increased as the changes of direction flow 
will occurred depending on strength of magnetic field and charge density as 
illustrated in Figure 2.8. 
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Figure 2.8 : Forces affecting the particle when magnetic field is applied in 
perpendicular direction (Bruk et al., 1987) 
  
Figure 2.9 shows the forces affecting the particle when magnetic field is 
applied in perpendicular direction. This force will separate the particle with positive 
and negative charge. Beruto and Giordani (1995) revealed that, the surface of the 
solid or liquid interface nucleus can be described as a surface characterized by a 
uniform charge density (Figure 2.9a). When an external electric field is applied, the 
charge density is modified by a polarization effect (Figure 2.9b). 
 
 
 
 
 
 
 
 
 
 
 
External electric field 
a b
Figure 2.9 : The ion charge particle, (a) in uniform charge density, (b) ion 
become distort due to external electric filed with positive and negative charge in 
opposite position (Beruto and Giordani, 1995) 
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As mention by Vickl (1991), molecule or particle was in disorder at normal 
condition. The electron in the molecule was free from any distraction. However, 
when magnetic field is exposing to the particle, the electron will be parallel with the 
magnetic field direction as illustrated in Figure 2.10.  This mechanism helps the 
particle to form a larger colloid. Therefore, the precipitation process will be faster 
and easier to separate within particle and solution (Refer also to the Figure 2.9).The 
attraction between the particles and magnetic field was very high. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Polar molecule after exposed to the 
magnetic field 
Polar molecule in normal 
condition 
Nonpolar molecule in 
normal condition 
 
Nonpolar molecule after exposed to 
the magnetic field 
Figure 2.10 : Molecule charges in liquid (H2O) at normal condition and after 
exposed to magnetic fields (Vickl, 1991) 
 
 The study done by Vickl (1991) and Beruto & Giordani (1995) was very 
important and supported each other. With these two concepts, the mechanism of 
particle precipitation or crystallization of solution can be understood. 
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2.2.2 Magnetic Treatment Systems 
 
 Differences in device types arise from the field strength of the magnet, the 
frequency of the field and the flow regime through the field. There are 3 general 
approaches to magnetic field systems which are: 
 
(i) Static magnetic field; 
 
(ii) Single flow magnetic field; and  
 
(iii) Circulation flow magnetic field 
 
Static magnetic field or no flow magnetic field means the sample was 
exposed to the permanent magnet for a certain time without any circulation or 
flowing. This process has less contribution in aggregation and crystallization. 
Highashitani et al. (1993) revealed that, nucleation frequency was decreased, but the 
crystallization of CaCO3 was increasing when applying high strength of magnetic 
field. While Barret and Parsons (1998), recorded that magnetic fields influence the 
formation of CaCO3 by the suppression of nucleation and acceleration in crystal 
growth. 
 
The second method, single flow, means the sample was allowed to flow 
through the magnetic filed for one time only. The outcome of the research conducted 
by the researchers was expressed in different opinion. Study done by Duffy (1977) 
recorded that, there were no differences in precipitation of particle, no effect occurs 
on precipitation of CaCO3 (Hasson and Bramson, 1981) and no changes in physical-
chemical properties in distil water when expose to magnetic field (Gonet, 1985). 
 
Circulation of sample through the magnetic field is the third method. 
Circulation of sample was exposed perpendicular with magnetic field for a certain 
period was recorded as the most successful in treatment of water or particle. This 
method was believed to give additional effect to the particle or charged ion due to 
more exposure time occurs and repeated. Ifill (1994) recorded that chlorine was gain 
in water for about 13% when the water was exposed to the magnetic field and total 
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loss occurs without magnetic treatment. The circulation process through magnetic 
field was believed the most effective method to treat the leachate. 
 
 
 
2.2.3 Design Concept of Magnet Device for Water Treatment  
 
Currently available magnetic devices for water treatment (for corrosion and 
scale control) can be classified into four categories. The four types are shown in 
Figure 2.11.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) CLASS III (d) CLASS IV 
(b) CLASS II 
 
(a) CLASS I 
Figure 2.11 : Crossection view of typical magnetic water conditioners. B-
magentic field lines, F-water flow path (Gruber and Carda, 1981) 
 
Figure 2.11 (a) shows the class I device. This devise clamps onto the outside 
of water pipe and produces a generally longitudinal magnetic field which 
concentrates and becomes tranverse near the point of pole piece contact with the pipe 
shown. Note that virtually no field penetrates the pipe wall in this case if the pipe is 
made of a ferromagnetic material such as iron. The class II device is shown in Figure 
2.11 (b). In this case the radial magnetic field is applied transverse to the flow as it 
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passes through an annular ring between the magnet pole pieces. This devise utilize 
the largest gap field of any known to the present investigators.  
 
The class III devise, shown in Figure 2.11 (c), is based upon the Russian 
designs most often reported in the literature. Here again the field is radical with the 
water flow passing through an annular flow tube. in this case, however, the field 
polarity alternates periodically along the flow axis. This is accomplished by placing a 
series of alternately poled cylindrical permanent magnets along the axis of the unit. 
Class IV is none of the above but more particularly a group of devices that generally 
have the magnetic field parallel to the flow, using a collinear solenoid, and some type 
of spiral metallic element that rotates inside the pipe containing the field, shown as 
Figure 2.11 (d).  
 
Based upon the foregoing description of typical devices, the principle 
physical phenomena associated with water flow in an intermediate strength magnetic 
field can be described. The pertinent electromagnetic phenomenon is an effect related 
to the Hall Effect. The relation between Lorentz force and the ionic nature of water is 
given by (Bruk et al., 1987): 
 
F = q(v.B)      (2.1) 
where, 
F - Lorentz force (N) 
q - ion charge (C) 
v - average velocity (m/s) 
B - magnetic flux density (Tesla) 
 
Lorentz force, F acts in a direction mutually perpendicular to both the 
velocity and field directions. Negative charge moves one way and positive the other. 
Since the ions are mobile, an electric (ionic) current is induced in the flow. The 
current will be proportional to the product of F and the water electrical conductivity. 
If this current terminates on an electrically closed path such as a conducting boundry 
(the pipe wall) metals ions can be released to the flow stream, possibly disturbing the 
ionic equilibrium.  
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2.3 Leachate 
 
Leachate may be defined as liquid that has percolated through solid waste and 
has extracted dissolved or suspended materials. Leachate is produced through 
biological degradation of waste in a landfill. Leachate characteristic is similar to 
toxic waste due to content of heavy metal such as manganese, ferum, cadmium and 
lead (Razman et al, 1993).  
 
In most landfill, leachate is composed of the liquid that has enter the landfill 
from external sources, such as surface drainage, rainfall, groundwater and water from 
underground springs and the liquid produced from the decomposition of the wastes. 
Leachate (containing heavy metals, toxic, organic compound, acidity) has several 
adverse effects on the human health such as carcinogenic systems, skin disorders, 
neuro-toxicity, kidney damage, suppressed immunity, digestive disorders, as well as 
adverse effects on flora and fauna.  
 
The design of leachate treatment systems is usually made by variations in 
quality and quantity of leachate as affected by time and characteristics of the solid 
waste received by the system. A major constraint for the successful treatment of 
landfill leachates is the difficulty in identifying and quantifying their typical 
composition characteristics (Tatsi and Zouboulis, 2002). If leachate treatment plants 
were designed to handle the average leachate quality only, they would occasionally 
be overloaded in practice, due to high pollutant peaks during certain time periods. 
Therefore, the leachate treatment plant has to be designed taking into consideration 
the maximum concentration of pollutants (worst-case scenario).  
 
There is a potential to expand the use of constructed wetlands to treat the 
leachate. The treatment of leachate by natural systems seems to be environmentally 
sustainable for the treatment of many constituents. Both subsurface flow and free 
water surface are merging ecotechnologies with the potential to treat landfill 
leachate. 
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2.3.1 Leachate Composition 
 
Specific leachate variability is due to variations in the composition of the 
refuse and its depth and permeability, landfill method, landfilling age, collection 
system as well as the climatologic conditions of the region (Boothe et al., 2001; 
Kang et al., 2002; Tatsi and Zouboulis, 2002). Johansen and Carlson (1976) in his 
study on sanitary landfills in Norway and in the U.S.A. mention Fe concentration 
were high in all the leachates. The concentrations of chromium, nickel, copper, 
cadmium and lead were low. Table 2.1 lists observed concentration ranges for 
commonly measured leachate constituents.  
 
Table 2.1 : Observed ranges of constituent concentration in leachate from 
municipal landfills (Johnson et al., 1999) 
Parameter Concentration range (mg/L Parameter 
Concentration 
range (mg/L)
COD  50 – 90,000   Cd 0 – 0.375
BOD5  5 – 75,000  Cr 0.02 – 18
TS 50 – 45.,000  Hardness (as CaCO3) 0.1 – 36,000
TDS 1 – 75,000  Total phosphorus 0.1 – 150
TSS 1 – 75,000  Organic phosphorus 0.4 – 100
TVS 90 – 50,000  Phosphate (inorganic) 0.4 – 150
TVA 70 – 27,700  NH3-N 0.1 – 2,000
VSS 20 – 750  Organic nitrogen 0.1 – 1,000
Fixed solids 800 – 5,500  TKN 7 – 1,970
Fe 200 – 5,500  NO3-N 0.1 – 45
Zn 0.6 – 220  Acidity 2,700 – 6,000
Cu 0.1 – 9  Turbidity  30 – 450
Ni 0.2 – 79  pH (standard units) 3.5 – 8.5
Mn 0.6 – 41  Alkalinity 0.1 – 20,000
Pb 0.001 – 1.44  Chlorides 30 – 5,000
Mg 3 – 15,600  Sulfate 25 – 500
K 35 – 2,300  Total coliforms (CFU/100 ml)      0 - 105
Hg 0 – 0.16  Fecal coliforms (CFU/100 ml)      0 - 105
 
Young or new landfill is highly influenced by the acid fermentation stage of 
anaerobic decomposition resulting in the presence of free volatile fatty acids. 
Leachate thus generated is deemed to be well suited for biological treatment. In 
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contrast, leachate from old landfills are influenced by the methane fermentation 
stages of anaerobic decompositions yielding primary recalcitrant humic and fulvic 
compound which are more amenable to physical or chemical treatment modalities 
(Christensen et al., 1997).  
 
Humid and fulvic acid which categorized as Humic substance (HS) are 
relatively higher in old landfill. HS are a naturally occurring mixture of organic 
compounds, which play an important role in both pollutant chemistry and the 
biogeochemistry of natural waters and soils.  
 
 
 
2.3.2 Leachate Quantity 
 
Chemical and biological reactions occur as infiltrating water percolates 
through refuse. The products of the complex combination of ongoing reactions 
within the refuse are transported by the infiltrating water. Besides the chemical and 
biological reactions, physical processes such as sorption and dissolution also take 
place during the passage of water through the waste. The sum total of these processes 
and reactions is a leachate with dimensional attributes varying over time. 
 
The transport of leachate through refuse material is analogous to the transport 
of contaminants in groundwater through heterogeneous, variably saturated soils. 
Primary transport will occur through preferential flow pathways, and secondary 
transport will occur as a result of storage diffusion from dead-end pores and 
advection / dispersion in low-permeability regions. 
 
In addition to the leachate generation induced by precipitation, it is also 
produced as a result of biochemical processes that convert solid materials to liquid 
form. The leachate generated from the biochemical reactions is characterized by very 
high concentrations of organic and inorganic contaminants. Water percolating 
through the landfill surface from infiltration will actually dilute contaminants in the 
leachate, as well as aid in the formation of new leachate.  
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The features of the water balance, such as precipitation, interception and 
surface runoff, evapotranspiration by vegetation, and infiltration at a landfill site, are 
schematically depicted in Figure 2.12. In the majority of well-designed landfills, the 
leachate is designed to percolate into the leachate collection tile systems.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.12 : Water balance components and direction of leachate to a wetland 
(McBean and Rovers, 1999) 
 
 
 
2.3.3 Leachate Quality 
 
Major concern is the directed impacts of wastes on the environment, 
especially to the risks caused by toxic substances in leachates emitted from waste 
disposal sites (Assmutha and Penttila, 1995). A series of phases is discernible in the 
decomposition of solid waste. Although the phases are variously defined, there is 
general agreement on changes, as shown in Figure 2.13. Phase I, or the hydrolysis 
and acidification phase, involving aerobic decomposition, is typically brief, and lasts 
for less than a month. The decomposition of solid urban wastes in a landfill is 
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essentially due to microbiological processes and therefore, the production of biogas 
and leachate are both directly related to the activity of microorganisms (Tatsi and 
Zouboulis, 2002). Once the available oxygen within the waste is utilized, except in 
the vicinity of the landfill surface, aerobic decomposition terminates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.13 : COD and BOD5 vs. time shows the 5 phases of solid waste 
decomposition (McBean and Rovers, 1999) 
 
Phase II begins with the initiation of activities of anaerobic and facultative 
organisms (involving acetogenic bacteria). They hydrolyze and ferment cellulose and 
other putrescible materials, producing simpler, soluble compounds such as VFAs 
(which produce a high biochemical oxygen demand, BOD, value) and ammonia. 
Pahse II can last for years, or even decades. Leachates produced during this stage are 
characterized by high BOD values (commonly greater than 10, 000 mg/L) and high 
ratios of BOD to chemical oxygen demand, COD (commonly greater than 0.7), 
indicating that high proportions of soluble organic materials are readily 
biodegradable.  
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Other typical characteristics of phase II leachates are acidic pH levels 
(typically, 5 to 6), strong, unpleasant odors, and high concentrations of ammonia, in 
the range of 500 to 1000 mg/L. The aggressive chemical nature of this leachate 
assists in dissolution of other components of the waste, and produces high levels of 
iron, manganese, zinc, calcium, and magnesium in the leachate. 
 
The anaerobic phase II is characterized by acid fermentation, reducing redox 
potential, high concentrations of readily degradable organic acids and inorganic ions, 
such as chloride, sulfate, calcium magnesium, and sodium, as well as ammonia and 
carbon dioxide. The partial reduction of sulfate to sulfides during this phase will 
result in decreasing concentrations of sulfate. Further, the generated sulfides may 
form precipitates with iron, manganese, and heavy metals that were dissolved during 
the acid fermentation. 
 
Phase III also involves slower-growing methanogenic bacteria gradually 
becoming established and consuming simple organic compounds, with the 
production of a mixture of carbon dioxide, methane, and other trace gaseous 
constituents that constitute landfill gas. The transition from phase II to phase III 
decomposition can take many years, may not be completed for decades, and is 
sometimes never completed. In phase III, bacteria gradually become established that 
are able to remove the soluble organic compounds, mainly fatty acids, which are 
largely responsible for the characteristics of phase II leachates. There is a depletion 
of both COD and BOD over time in phase III.  
 
Lechates generated during phase III are often referred to as ‘stabilized’, but in 
the life cycle of a landfill at this stage the landfill is biologically at its most active 
level. A dynamic equilibrium is eventually established between acetogenic and 
methanogenic bacteria, and wastes continue to actively decompose. Leachates 
produced during phase III are characterized by relatively low BOD values and low 
ratios of BOD to COD. However, ammonia nitrogen continues to be released by the 
first-stage acetogenic process and will be present at high levels in the leachate. 
Inorganic substances such as iron, sodium, potassium, sulfate and chloride may 
continue to dissolve and leach from the landfill refuse for many years. 
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The composition of phase III leachate is characterized by neutral pH levels, 
strongly reducing redox potential, low concentrations of VFAs.. Methanogenic 
bacteria that become predominant at end of the acid generation phase usually cause 
an increase in leachate pH by converting organic acids to methane and carbon 
dioxide. This results in an increased alkalinity due to the loss of organic acids and the 
productions of methane and ammonia (Nanny and Ratasuk, 2002). Tatsi and 
Zouboulis (2002) revealed that pH tended to increase gradually with time from 
slightly acidic towards alkaline values in leachate that is older, and become more 
stabilized. The high ferrous iron concentration may have resulted from leaching of 
iron-containing waste during the acid generation phase. The methanogenic phase is 
the longest and most important phase of waste stabilization, with phases IV and V 
occurring as the refuse becomes depleted of degradable organics. 
 
 
 
2.4 Conclusion 
 
Constructed wetland was more essential in treatment of pollutant compared to 
natural wetland due to well designed and well managed. It was low costl to built, 
require less operation and maintenance compared to conventional method. Wetland 
was also an environmetal approach of treatment because no chemical adding that 
might have side effect. A constructed wetland was an ecological system that combine 
physical, chemical and biological treatment mechanisms in removing pollutants from 
wastewater as it flows through the wetland (Yang et al., 2006). Important  removal 
mechanims in wetland were microorganism and wetland plants. Plants uptake play 
an important role in reducing heavy metal and nutrient. However the tolerance of 
plants to the concentration of nutrients and heavy metal was varies. Plants harvesting 
was suggested for better removal.  
 
The properties of wetlands that were condusive for treating landfill leachate 
include high plant productivity, large adsorptive surfaces on soils and plants, an 
aerobic-anearobic interface and an active microbial population. Absorption of 
organics and nutrients by plants, adsorption of metals on soils and plants, microbially 
mediated oxidation of metals, and simultaneous aerobic decomposition and 
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anaerobic digestion of organic compounds can transform and immobilize a wide 
range of chemical constituents added to these systems. These processes can reduce or 
eliminate the impact on aquatic organisms and protect animals higher up the food 
chain.  
 
 Magnet was widely use in treatment of wastewater, scale reduction and 
particle formation and many more. However the study on leachate treatment using 
magnetic field was less reported. Due to excellent removal of particle (TSS) and 
heavy metal, magnetic field also can be applied in treated the leachate. Leachate was 
containing high concentration of heavy metal. With ability to separate positive and 
negative charge in particle, magnet can form larger floc or colloid and can enhance 
precipitation process. The flocculation can increased when applying high magnetic 
strength with low flowrate. Circulation of sample through magnetic field gives the 
highest removal efficiency of pollutant. High removal can be achieved using high 
strength of magnetic field with low circulation flowrate. 
 
The composition in leachate was influences by age of landfill, waste 
composition, soil condition and climate. Leachate need to be managed properly due 
to constituents in leachate that toxic. Treatment using physical and chemical for new 
landfill was different from old landfill due to composition changes. However, the 
situation is different in wetland systems. The mechanisms for pollutants removal in 
wetland make it suitable to treat different concentration of pollutant.  
 
 
 
2.5 Summary of Treatment Performance in Constructed Wetland 
 
 There are varies types of influent was treated using constructed wetland. 
Table 2.2 and Table 2.3 showed the summary of wastewater pollutants removal in 
constructed wetland and leachate pollutants removal in constructed wetland, 
respectively 
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Table 2.2 : Pollutants removal in constructed wetland 
References Systems type Type of influent Findings 
Cameron et al. 
(2003) 
FWS with Typha latifolia 
and Scirpus acutis  
 
Municipal sewage lagoon. 
The treated effluent then was 
filter with vegetated 
 
The FWS cells achieved removals as follows: BOD (34%), 
ammonia and ammonium (52%), TKN (37%), TSS (93%), 
TP (90%), ortho-PO4 (82%) and E. coli (58%). The 
vegetated filter strip treating the effluents from the wetland 
cells achieved removals as follows: biochemical oxygen 
demand (18%), ammonia and ammonium (28%), TKN 
(11%), TSS (22%), TP (5%) and E. coli (22%). It may 
therefore serve as an additional treatment stage further. 
 
Collins et al. 
(2005) 
Shallow wetland with 
Myriophyllum 
aquaticum, Nymphaea 
odorata and deep 
wetland with Juncus 
effuses, Pontederia 
cordata. 
Runoff waters from coal 
mines 
 
In the shallow wetlands, emergent species J. effusus and P. 
cordata tended to have highest tissue concentrations of the 
less soluble Fe and Al, with greater concentrations in roots 
than in shoots. In the deep wetlands, the submerged plant M. 
aquaticum and floating-leaved N. odorata had highest tissue 
concentrations of the more soluble elements Na, Mn, and P. 
 
Hadad et al. 
(2005) 
FWS with eleven 
different macrophyte 
species 
 
Industrial wastewater Floating plant were unable to develop within the prevailing 
pH and conductivity conditions. The early disappearance of 
6 out of 8 transplanted emergent macrophytes confirmed the 
overall toxicity of the incoming mixture. Only P. 
elephantipes and T. domingensis showed extensive growth, 
and T. domingensis outcompete P. elphantipes at the end of 
the experiment. T. domingensis showed a higher tolerance 
and competitive hierarchy until it became the only species 
which covered almost all the surface. 
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References Systems type Type of influent Findings 
Mantovi et al. 
(2003) 
Horizontal SF with P. 
australis 
 
Domestic sewage 
 
Removal of suspended solids and organic load was above 
90%, while those of the nutrients N and P were about 50% 
and 60%, respectively. Nitrogen removal is usually not very 
efficient in horizontal SSF wetlands, due to insufficient 
oxygen supply The role of plants in the CW is limited but 
essential. Absorption by plants was not the main route 
through which the contaminants were removed or 
transformed, but certainly the presence of plants was 
fundamental for establishing a heterogeneous environment. 
 
Vymazal and 
Kropfelova, 
(2005) 
SF with Phragmites 
australis and Phalaris 
arundinacea 
 
Wastewater 
 
The results revealed that while Phalaris usually reaches its 
maximum biomass as early as during the second growing 
season, Phragmites usually reaches its maximum only after 
three to four growing seasons. Both plants grow very well in 
constructed wetlands for wastewater treatment. When 
planted together, Phragmites tends to outcompete Phalaris. 
 
Manios et al. 
(2003) 
SF with Typha latifolia 
 
mixture of sewage sludge 
compost, 
 
At the end of the 10 weeks experimental period the mean 
concentration of Ni, Cu and Zn in the roots and leaves of the 
plants in the wetland systems containing wastewater was 
significantly larger to that of the plants in the wetland 
containing tap water. 
 
Huett et al. 
(2005) 
SF with Phragmites 
australis 
 
Plant nursery runoff The planted wetland tubs removed more than 96% TN and 
TP over most of the 19-month study period while unplanted 
tubs were inefficient only manage to remove 16% N and 
45% P. 
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Table 2.3 : Leachate pollutants removal in constructed wetland 
References Systems type Type of influent Findings 
Bastviken et al., 
(2005) 
FWS with Typha 
latifolia, Phragmites 
australis and Elodea 
canadensis 
 
Leachate Submerged plant E.canadensis had a greater capacity 
for denitrification, because it offered a higher carbon 
availability or other species-specific advantages, such as 
suitable attachment surfaces The potential denitrification 
rates were more than three times higher in the cores 
containing E. canadensis than in the cores with T.latifolia 
and P. australis. 
 
Batty and 
Younger, 2004 
Construcred wetland with 
Phragmites australis   
Wetland received runoff 
from wastes heap 
(contaminate) & leachate 
grndwater (uncontaminated). 
 
Results indicated a significant difference in plant growth 
between the two wetlands in terms of shoot height and seed 
production. Ferum and aluminum were found to be higher in 
root and effect the growth of the plants. 
 
El – Gendy et al. 
(2004) 
FWS with water hyacinth Municipal landfill leachate Water hyacinth plants survived in a pH range of 4.0 to 8.0 
and found to enhance the nitrification process. 
 
El – Gendy et al. 
(2005) 
FWS with water hyacinth Landfill leachate Water hyacinth has ability to remove some parameters such 
as nitrogen, potassium, phosphorus, total solids, and chloride 
through the growth of plants. Higher removals were obtained 
with higher plant growth. 
 
Fraser et al. 
(2004) 
SF with Scirpus validus, 
Carex lacustris, Phalaris 
arundinacea and Typha 
latifolia 
Soil leachate S. validus was the most effective in reducing TP and TN, 
while P. arundinacea was generally least effective in 
monocultures. The mixture of 4 types of wetland plants was 
highly effective at nutrient removal, but not significantly 
different from the moncultures.  
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References Systems type Type of influent Findings 
Peverly et al. 
(1995) 
SF with Phragmites 
australis 
Landfill leachate Flow of leachate to the root absorptive surfaces as a result of 
evaporation created a buildup of particulate material, 
consisting of clay minerals, precipitated Fe and microbes. Fe 
precipitated as a result of oxygen release from the roots. 
Roots acted as effective filters for transport of metals to 
rhizomes. 
 
Sawaittayo-thin 
and Polprasert 
(2006) 
 
SF with Typha 
angustifolia 
 
Municipal landfill leachate The SF wetland was effective in treating the leachate, 
resulting the treated effluent suitable for reuses in 
agriculture. The plants were found to uptake about 88% of 
the TN. The wetland was able to remove BOD5, TN, 
cadmium and fecal coliforms with removal of 91%, 96%, 
99.7%.and more than 99%, respectively.  
 
Martin and 
Johnson (1995)  
SF with emergent 
macrophytes 
Landfill leachate Results indicate removal percentages of the NH3, TSS, TPO4, 
and COD, average between 64% and 99%. 
 
Masbough et al. 
(2005) 
SF with Typha latifolia 
 
Woodwaste leachate Reductions in contaminants were consistently achieved, with 
average removals for BOD, COD, VFAs and tannin and 
lignin of 60%, 50%, 69% and 42%, respectively. 
 
 
 
 
  
 
 
 
 
 
CHAPTER 3 
 
 
 
 
METHODOLOGY 
 
 
 
 
3.1 Introduction 
 
The research methodology was divided into 5 phases as shown in Figure 3.1. 
Sample was taken from Pasir Gudang Sanitary Landfill. The experiments were 
carried out at Environmental Engineering Laboratory, Faculty of Civil Engineering, 
Universiti Teknologi Malaysia.   
 
This study was focussed on the ability of magnetic field in removing nutrients 
and heavy metals in leachate. The wetlands systems are constructed using fiber glass 
tank. The wetlands also are aerated. Control was set up which was the constructed 
wetland. The Control system was important to carry out to compare the effectiveness 
between constructed wetland with magnetic field and without magnetic field.  
 
The sample in PTM-W system was pre-treated sample using magnetic field. 
The CRM-W system was important to study the pollutant removal when leachate 
was continously exposed to the magnetic field. From the results obtained, the 
effectiveness of magnetic field can be studied. 
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Experimental set up 
 
- Set up of experimental scale 
constructed wetland systems and 
magnet systems 
Sampling and Preservation
Experimental works 
System 1 : PTM-W System 2 : CRM-W 
 
Combination of treatments : 
Wetland system and magnetic 
field. 
Stage 1 : PTM 
Pre-treatment using magnetic 
field 
Stage 2 : Wetland 
Treatment using wetland 
system 
Data Analysis 
 
- Based on the parameter observed in the 
experiment 
- Removal efficiency of pollutants 
Figure 3.1 : The framework of study 
Conclusion and Suggestion 
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3.2 Sample Preparation 
 
In the experiment, leachate was used as the feed to the constructed wetland 
systems. The leachate was diluted to the concentration of 50% leachate. Hui (2005) 
was recorded 50% leachate concentration gives the highest removal of NO3--N and 
Mn. Graduated cylinder was used to measure five liters of leachate and mixed with 
five liters of fresh water. Three tanks were used, which were control, PTM-W and 
CRM-W. 
 
 
 
3.3 Wetland Plants in Used 
 
Wetland plants used in this experiment was Eichhornia crassipes. Eichhornia 
crassipes was the floating weeds type. This plant was taken from the fish pond. In 
every tank was vegetated with same number of plants which was 20 plants. 
 
 
 
3.4 Magnet  
 
Magnet used in this experiment was permanent magnet with 0.55 Tesla 
strength. Six set of magnet were used. The experiments were used circulation system, 
where the samples were circulate through the magnetic field for a duration of 6 
hours. Zulfa (2005) had recorded that 6 hours of circulation was the optimum time to 
precipitate the suspended solid in leachate. 
 
 
 
3.5 Wetland Systems 
 
In this experiment, three systems were applied. First system was Control, 
second system was pre-treatment magnetic field with wetland (PTM-W) and the third 
system was continuous circulation magnetic field with wetland (CRM-W). PTM-W 
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consist 2 stages of treatment where, the first stage pre-treatment of leachate using 
magnetic field (PTM) and the second stage was using wetland system. The CRM-W 
consists only one stages of treatment, which was, the combination of wetland system 
and magnetic field. Figure 3.2 shows the leachate in Control system. The schematic 
diagram for PTM-W was shown in Figure 3.3.Figure 3.4(a) shows the leachate was 
treated using magnetic field and Figure 3.4(b) shows the pre-treated leachate was 
discharged into the wetland. Figure 3.5 shows the schematic diagram for CRM-W 
system and Figure 3.6 shows the leachate was treated in CRM-W system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Constructed wetland
Leachate
Figure 3.2 : The control system containing 10 liters of 50% leachate 
concentration 
 
 
Magnet 
(PTM) 
Wetland 
treatment 
 
 
 
 
 
 
 
Figure 3.3 : Schematic diagram of pre-treatment magnetic field with wetland 
(PTM-W) system 
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 (b) Constructed wetland 
Magnetic 
device 
Peristaltic pump Leachate 
(a) Pre-treatment using magnet 
Constructed wetland
Leachate
Figure 3.4 : Pre-treatment magnetic field with wetland (PTM-W) shows (a) the 
leachate was treated with magnetic field and (b) pre-treated leachate was 
discharged into wetland system 
 
 
 
 
Magnet 
 
 
 
 
 
 
 
 
 
 
Figure 3.5 : Schematic diagram of continuous circulation magnetic field with 
wetland (CRM-W) system 
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Magnetic 
device 
Leachate 
Constructed wetland 
Peristaltic pump 
Speed controller 
Aerator 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6 : Continuous circulation magnetic field with wetland (CRM-W) 
 
 
 
3.6 Experiment Description 
 
Three tanks were used in this experiment, one tank as a Control, the other two 
are for PTM-W and CRM-W systems.  
 
(i) Control : Ten liters of 50% leachate concentration was treated using 
constructed wetland for duration of 27 days;  
 
(ii) PTM-W : Ten liters of diluted leachate was pre-treated using 
magnetic field 0.55 Tesla for 6 hours. The leachate was circulated 
with flowrate of 1.8 mL/s. After 6 hours of exposure to magnetic 
field, immediately, feed the pre-treated leachate into wetland system 
for duration of 27 days; and 
 
(iii) CRM-W : Ten liters of diluted leachate was feed into wetland system. 
In the same time, the leachate was circulated to expose it to the 
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magnetic field for about 6 hours with flowrate 1.8 mL/s. The system 
was carried out for duration of 27 days.  
 
 
 
3.7 Sampling and Preservation 
 
Leachate samples after sampling was immediately analyzed otherwise 
samples were preserved according to standard Method for the examination of Water 
and Wastewater (APHA, 2002). For roots and leaves, analysis sampling was carried 
during initial and after 27 days treatment. Figure 3.7 shows the flow chart of PTM-W 
and CRM-W system in leachate treatment. From the flow chart, the pre-treatment 
using magnetic field (PTM) was carried out to determine the effectiveness of 
magnetic field to treat the leachate. Study can be done to determine the significant 
between PTM-W and CRM-W system. 
 
 
Sample 
preparation
 
Flowrate = 1.8mL/s
Magnet = 0.55T 
Duration = 6 hours
 
Flowrate = 1.8mL/s 
Magnet = 0.55T 
Duration = 27 days 
Exposure time = 6 hrs 
 
Duration = 27 days
 
 
 
 
 PTM 
 PTM-W 
CRM-W  
 
Wetland 
 
 
 
Sample analysis 
 
Figure 3.7 : The flow chart of the experiments carried out which were PTM-W 
and CRM-W system 
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3.8 Experimental Analysis 
 
In this study, there were three aspects were observed in the experimental 
analysis, which were water quality analysis, analysis of heavy metals in plants tissues 
and observation of plant growth. 
 
(a) Water Quality Analysis 
 
The parameters for leachate analysis include as the following: 
Orthophosphorus, Nitrate nitrogen, Ammonia nitrogen, BOD, COD and 
heavy metals (Ferum and Manganese). A table described the analytical 
method is shown in Table 3.1. Analysis procedures are described briefly as 
below: 
 
Table 3.1 : The parameter observed in leachate analysis 
Parameter Method / Equipment Methods Code Source 
PO43- Molybdovanadate Reagent 4500-P (C) 8114 DR/4000
b
NO3-N Cadmium Reduction Method 8039 DR/4000 
NH3-N Nessler Method 8038 DR/4000 
BOD 5-Day BOD Test 5210-B *SA 
COD COD Reactor HACH Model 5220-C *SA 
Fe Ferrover Iron Reagent 8147 DR/4000 
Mn Manganese PAN Method 8149 DR/4000 
*SA = Standard Method 
 
(b) Analysis of heavy metals in plant tissues 
 
The heavy metal uptake by plants was study. After end of 27 days of 
experiment, the plant’s leaves and roots were harvested for each constructed 
wetland. Then, the leaves and roots were washed with tap water and distilled 
water. After that, the plant samples were dried in oven at 105OC and ground 
with mortar and pestle. 0.9 – 3.0 g of the ground plant sample was put inside 
the conical flask 250 ml and 50 ml of 2 M hydrochloric acid was added in for 
plant digestion. The sample mixture was centrifuged for 20 minutes and 
 49
filtered with cellulose acetate membrane 0.45 μm. The filtrate was then 
analyzed for heavy metal (Fe and Mn) according to the Standard Methods 
APHA mentioned above.  
 
 (c) Observation of plant growth 
 
 The plant growth was observed for every week until end of 27 days of 
experiment. The wilting plants in each tank were recorded.  
 
Figure 3.8 shows the analysis equipments used in the study. Figure 3.8(a) 
shows the BOD incubator, to determine the BOD5 of the sample and Figure 3.8(b) 
shows the HACH DR/400 spectrophotometer used in analyzing the PO43-, NO3-N, 
NH3-N, COD, Fe and Mn. 
 
 
(b) HACH DR/4000 Spectrophotometer  (a) BOD Incubator 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.8 : The analysis equipments used in the experiments (a) the BOD5 
Incubator and (b) the HACH DR/4000 Spectrophotometer 
 
 
 
  
 
 
 
 
 
CHAPTER 4 
 
 
 
 
RESULTS AND DISCUSSIONS 
 
 
 
 
4.1 Introduction 
 
The experiments were carried out for 27 days to get the raw data.. Sampling 
was done once for every 3 or 5 days. The analyses not only consider the percentage 
of removal but also the time efficiency to remove the pollutant. The experiments 
were conducted from January to early February 2006. Table 4.1 shows the initial 
quality of leachate, before any treatment was done. The constituents in the leachate 
may vary depending on waste composition and weather.  
 
Table 4.1: Initial quality of leachate 
Parameter mg/L 
Orthphosphorus (PO43-) 39.5 
Nitrate nitrogen (NO3-N) 180 
Ammonia nitrogen (NH3-N) 36 
Biochemical Oxygen Demand (BOD) 150 
Chemical Oxygen Demand (COD) 427 
Ferum (Fe) 0.171 
Manganese (Mn) 0.3495 
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Percentage of removal for Control, PTM-W and CRM-W after 6 hours of 
treatment was summarized in Table 4.2. The analysis was done to study the 
efficiency of pre-treatment using magnetic field. It shows the treatment consists of 
magnetic field, had less contribution in reducing pollutants in leachate. However, 
significant removal efficiency was achieved for treatment consist wetland with 
magnetic field. 
 
Table 4.2: Removal efficiency for leachate after 6 hours of treatment 
Parameter Control Removal % PTM-W 
Removal 
% CRM-W 
Removal 
% 
PO43- 20.75 47.47 37.12 6.03 21.905 44.54 
NO3-N 112.5 37.50 135 25.00 172.5 4.17 
NH3-N 16.025 55.49 33.1 8.06 12.9 64.17 
BOD 130 13.33 100 33.33 80 46.67 
COD 288.5 32.44 402 5.85 245 42.62 
Fe 0.114 33.33 0.15 12.28 0.0535 68.71 
Mn 0.257 26.47 0.277 20.74 0.154 55.94 
 
Percentage removal after 27 days of treatment was summarized in Table 4.3. 
It shows that Control and both treatment systems can removed all the parameter 
ranging from 50 % to 100 % after end of treatment. Ferum was the most efficiently 
removed from the leachate. 
 
Table 4.3: Removal efficiency for leachate after 27 days of treatment 
Parameter Control Removal % PTM-W 
Removal 
% CRM-W 
Removal 
% 
PO43- 16.845 57.35 15.94 59.65 16.51 58.20 
NO3-N 1 99.44 1.5 99.17 8 95.56 
NH3-N 1.413 96.08 1.5645 95.65 0.9524 97.35 
BOD 25 83.33 23 84.67 28 81.33 
COD 143 66.51 125 70.73 95 77.75 
Fe 0 100.00 0 100.00 0 100.00 
Mn 0.062 82.26 0.054 84.55 0.043 87.69 
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4.2 Nutrient Removal 
 
Three types of nutrients were studied in these researches which were 
Orthophosphorus (PO43-), Nitrate nitrogen (NO3-N) and Ammonia nitrogen (NH3-N). 
Nutrient rich will resulted in growth of algae and other plants, high levels of organic 
matter decomposition and exhaust of dissolved oxygen. 
 
 
 
4.2.1 Orthophosphorus 
 
Orthophosphorus (PO43-) levels were significantly decreased in Control, 
PTM-W and CRM-W treatment systems. The percentage of PO43- removal after 27 
days of treatment in Control, PTM-W and CRM-W were 57.35%, 59.65% and 
58.20% respectively. Figure 4.1 illustrated the removal percentage in Control, PTM-
W and CRM-W systems. 
 
From Table 4.1, the PO43- removal efficiency can be considered low, ranging 
from 57% to 60%. Study done by Hui (2005) on PO43- removal using constructed 
wetland also shows low removal efficiency, ranging from 12% to 15% only. Figure 
4.2 illustrated that in the first five days of treatment, effective removal were achieved 
for Control and CRM-W system, which were 47.47% and 44.54%, respectively. 
Wetland was contribute to PO43- removal either the treatment with or without 
magnet. It shows that magnet was insignificant to treat the PO43- where there was no 
change in PO43- concentration in PTM-W system. According to ANOVA analysis 
(two factors without replicate) there was non significant difference between control 
and CRM-W systems (P>95%).  
 
It can be conclude that magnetic field does not significantly contribute in 
PO43- removal. The major principal mechanisms of phosphorus reduction were 
adsorption of soluble phosphorus on substrate particles and precipitation with 
calcium or aluminum ion (Kadlec and Knight, 1996). Plant uptake can also 
contribute to phosphorus removal, but usually only to a small degree (Cameron et al., 
2003; Green et al., 1996). 
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Figure 4.1 : Percentage of Orthophosphorus removal in Control, PTM-W and 
CRM-W after 27 days of treatment shows PTM-W gives the highest removal, 
which was 59.65% 
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Figure 4.2 : Comparison of Orthophosphorus concentration (C/CO) for Control, 
PTM-W and CRM-W system for duration of 27 days of treatment shows that 
more than 50% removal efficiency was achieved in Control and PTM-W 
systems after 6 hours discharge into the wetland 
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4.2.2 Nitrate Nitrogen 
 
Decrease in nitrate nitrogen (NO3-N) was significantly greater in all treatment 
systems. Referring to Figure 4.3, Control gives the highest percentage removal which 
was 99.44%. CRM-W gives the lowest of NO3-N removal due to the plant wilting 
that eventually increased NO3-N concentration in the leachate (Crites and 
Tchobanoglous, 1998) 
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Figure 4.3 : Percentage of Nitrate nitrogen removal in Control, PTM-W and 
CRM-W after 27 days of treatment shows Control gives the highest removal, 
which was 99.44% 
 
NO3-N removal in wetlands occurs primarily through denitrification. Studies 
have shown that NO3-N levels were reduced more efficiently in wetlands containing 
plants (Lin et al., 2002). In wetlands, the organic carbon was supplied mainly by the 
vegetation and it was used as a carbon and energy source for heterotrophic bacteria, 
such as the denitrifying bacteria (Bastviken et al., 2005). 
 
Plant tissue also provides a large amount of surface area for microbial 
growth. Bacteria were much more abundant when grown attached to surfaces than 
when suspended in water (Hamilton, 1987).  
 55
In CRM-W system, there were less surface for microbial growth resulting in 
low removal efficiency due to plants wilting, compared to Control and PTM-W. In 
Figure 4.4 below, the trend removal efficiency of NO3-N had been plotted. 
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Figure 4.4 : Comparison of Nitrate nitrogen concentration (C/CO) for Control, 
PTM-W and CRM-W system for duration of 27 days of treatment shows that 
wetland was significantly reduced the NO3-N in leachate 
 
 
 
4.2.3 Ammonia Nitrogen 
 
CRM-W gives the highest removal efficiency which was 97.35%. Ammonia 
nitrogen was decreasing significantly greater in all treatments. An excellence 
removal efficiency of ammonia nitrogen was observed in less than 5 days of 
treatment using CRM-W systems. Circulation of leachate through wetland allowed 
the highest ammonia nitrogen removal which was 93% of total nitrogen (Sun et al., 
2005). The circulation of sample through the wetland can improve the treatment as 
shown by CRM-W system.  
 
The study shows that the wetland with magnetic field will enhance the 
performance of NH3-N removal in leachate. However, all the systems show the high 
percentage of removal as the time increased. It shows that wetland had ability to 
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reduced ammonia nitrogen in leachate but required longer treatment time. Figure 4.5 
below illustrated the percentage of ammonia nitrogen (NH3-N) removal. The Figure 
4.6 shows the concentration of Ammonia nitrogen for all treatment systems. 
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Figure 4.5 : Percentage of Ammonia nitrogen removal in Control, PTM-W and 
CRM-W after 27 days of treatment shows CRM-W gives the highest removal. 
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Figure 4.6 : Comparison of Ammonia nitrogen concentration (C/CO) for 
Control, PTM-W and CRM-W system for duration of 27 days of treatment 
shows that CRM-W had ability to reduced NH3-N faster than Control and  
PTM-W 
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Vegetation plays a significant role by assimilating NH3-N into plant tissue 
and providing an environment for nitrification-denitrification in the root zone 
(Maehlum, 1999). From the study, wetland systems that exposed to magnetic field 
can reduce time of treatment. 
 
 
 
4.3 Chemical 
 
Two parameters were studied in this research which was chemical oxygen 
demand and biochemical oxygen demand. 
 
 
 
4.3.1 Chemical Oxygen Demand 
 
Chemical Oxygen Demand (COD) was a measurement of the total amount of 
oxygen required to completely oxidize all organic matter and chemical constituents 
in a waste sample. Figure 4.7 shows the percentage removal for COD. 
60
62
64
66
68
70
72
74
76
78
80
Control PTM-W CRM-W
Treatment systems
C
O
D
 re
m
ov
al
 (%
)
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.7 : Percentage of COD removal in Control, PTM-W and CRM-W after 
27 days of treatment shows CRM-W gives the highest removal, which was 
77.75% 
 58
0
0.2
0.4
0.6
0.8
1
0 5 10 15 20 25 30
Days
C
/C
o Control
PTM-W
CRM-W
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.8 : Comparison of COD concentration (C/CO) for Control, 
PTM-W and CRM-W system for duration of 27 days of treatment shows that 
CRM-W had ability to reduced COD concentration in leachate faster than 
Control and PTM-W 
 
The removal efficiency of COD was ranging from 66% to 78% as illustrated 
in Table 4.1. According to Environment Quality Act (1974), the effluent must 
comply with Standard A or Standard B which were 50 mg/L and 100 mg/L, 
respectively. Figure 4.8 illustrated the time efficiency to remove the COD. From the 
result obtained, CRM-W system has the ability to fulfill Standard B in 27 days of 
treatment as shown in Table 4.1. Johan (2003) revealed that magnetic field can 
enhance the COD removal, which was observed to be 43.43% with magnet compared 
to 25.26% without magnet. COD removal efficiency was low in wetland as leachate 
containing a lot of refractory compounds that were not biodegradable. 
 
 
 
4.3.2 Biochemical Oxygen Demand 
 
 Biochemical Oxygen Demand (BOD) was a measurement of the oxygen 
consumption by microorganisms during the oxidation of organic matter and 
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inorganic materials (Kadlec and Knight, 1996). The test is usually run for 5 days 
(BOD5) and indicates the amount of readily degradable organic matter. 
 
In wetlands system, microbial degradation plays a dominant role in the 
removal of soluble biodegradable organic matter in wastewater. Wetlands also 
provide quiescent conditions for settling of SS and particulate BOD for subsequent 
anaerobic or aerobic digestion of organic settleable matter depending on the oxygen 
status at the point of deposition (Greenway and Woolley, 1999). The wetland 
vegetations were confined to the roles of providing a support medium for microbial 
degradation to take place (Lim et al., 2001). Figure 4.9 shows the percentage removal 
of BOD. 
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Figure 4.9 : Percentage of BOD removal in Control, PTM-W and CRM-W after 
27 days of treatment shows the removal efficiency ranging from 81% to 84% 
 
Wetland systems can significantly reduce BOD (Sartaj et al., 1999). The 
Control and PTM-W system show high of BOD removal due to the presence of 
microorganisms to degrade the organic matter in the leachate (Stottmeister et al., 
2003). 
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Figure 4.10 : Comparison of BOD concentration (C/CO) for Control, PTM-W 
and CRM-W system for duration of 27 days of treatment shows that Control 
and both systems able to reduced BOD concentration in leachate 
 
Figure 4.10 shows the removal efficiency of BOD concentration. Study done 
by Johan (2001) in treatment of sewage shows that BOD removal was significantly 
higher using magnetic field compared to without magnetic field. However, in CRM-
W system, the removal was low due to plants wilting, which limit the surface for 
biofilm growth. 
 
 
 
4.4 Heavy Metal 
 
The removal of ferum and manganese were studied. The removal 
mechanisms of heavy metal occur in the three main compartments of a wetland, soil 
and substrate, hydrology and vegetation (Sheoran and Sheoran, 2006). 
 
 
 
4.4.1 Ferum  
 
Ferum (Fe) was efficiently removed in all wetlands systems. The CRM-W 
system show significant greater removal in the first 5 days of treatment. Magnetic 
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fields had proven can increase the formation of sediment particles (Ying, 1999). 
Figure 4.11 demonstrated the removal of Fe in control and both treatment systems. In 
less than 17 days of treatment, CRM-W system able to removed 100% of Fe in 
leachate. However Control and PTM-W system also able completely removed ferum 
after 27 days of treatment, which by uptake by plant (Weis and Weis, 2004). 
Eichhornia crassipes can withstand extremes of nutrient supply, pH level, 
temperature and even grow in toxic water (El-Gendy et al, 2004; 2005). 
 
This study shows that wetland plants play an important role in heavy metal 
uptake that discussed in topic 4.5. The selectivity of Eichhornia crassipes in 
removing heavy metals was Fe compared to Mn (Fe>Mn). The results show that Mn 
was unable to totally removed from the leachate sample. 
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Figure 4.11 : Comparison of Fe concentration (C/CO) for Control, PTM-W and 
CRM-W system for duration of 27 days of treatment shows that CRM-W had 
great ability to reduced ferum concentration in leachate faster than Control and 
PTM-W 
 
 
 
4.4.2 Manganese 
 
Illustration from Table 4.1 shows the removal efficiency of Manganese for 
control, PTM-W and CRM-W, were 82.26%, 84.55% and 87.69%, respectively.  
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Removals of Fe and Mn in leachate were due to settling of the particles in the 
tank and uptake by plant’s root. Magnetic fields haad proven can increase the 
formation of sediment particles. As mentioned by Hirschbein (1982), magnetic field 
was one of the methods to separate particles from suspension. Magnetic can achieve 
separations that were impossible or impractical to achieve by other techniques.  
Magnetic separations were usually effective for particles (i.e., heavy metals) because 
the strength of the interaction of magnetic fields with heavy metals. The metals were 
also being taken off by plant in wetland systems as revealed by Pempkowiak and 
Klimkowska (1999). Figure 4.12 and Figure 4.13 show the removal percentage of 
Mn and concentration of Mn in all treatment systems, respectively.  
 
The removal of Fe was higher compared to Mn as demonstrate in this study. 
Study by Hui (2005) had support this outcome as the result obtained in her study also 
shows the Fe removal was higher compared to Mn in wetland systems. It also shows 
that Eichhornia crassipes has less ability to taken up Mn compared to Fe as 
illustrated in Figure 4.14 and Figure 4.15.  
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Figure 4.12 : Percentage of Mn removal in Control, PTM-W and CRM-W after 
27 days of treatment shows the highest removal efficiency was CRM-W 
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Figure 4.13: Comparison of Mn concentration (C/CO) for Control, PTM-W and 
CRM-W system for duration of 27 days of treatment shows that CRM-W had 
ability to reduced manganese concentration in leachate faster than Control and 
PTM-W 
 
 
 
4.5 Heavy Metal Uptake 
 
In constructed wetlands ecosystems, the rhizosphere (root mass area) was 
considered the primary site where reduction of contaminants (heavy metals) actually 
occurs through the processes of sequestration and transformation (Johnson et al., 
1999). The presence of iron was either visible upon roots as a deep orange colour 
exists, or as a visible solid deposit upon the root plants. Iron concentrations were 
generally higher in plants and the majority of the iron plaques was present either 
within or associated with plant roots (Batty and Younger, 2004). Wetland plants had 
ability to transport oxygen to the roots. Metals can be taken up by roots, transported 
upward to above-ground tissues, from which they can be excreted (Stottmeister et al., 
2003). Wetlands were often considered sinks for contaminants, and there are many 
cases in which wetland plants were utilized for removal of pollutants, including 
metals. These latter plants must be, in turn, harvested and disposed off to prevent 
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recycling of accumulated metals when the plants decompose (Weis and Weis, 2004). 
In CRM-W system, there were plant wilting that can increased heavy metal in the 
systems and were re- absorb by plants 
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Figure 4.14 : Heavy metal (Fe) accumulation by plant in wetland systems shows 
that CRM-W gives the highest concentration. The accumulation was greater in 
root compared to in leaves in all treatment systems 
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Figure 4.15 : Heavy metal (Mn) accumulation by plant in wetland systems 
shows that CRM-W gives the highest concentration. The accumulation was 
greater in root compared to in leaves in all treatment systems 
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Research done by Peverly et al. (1995) on leachate treatment using 
Phragmites australis, shows that elevated levels of iron was found in the roots and 
less accumulate in shoots. Eichorrnia crassipes also shows the same results as shown 
in Figure 4.14 and 4.15. Heavy metals were accumulating more in roots compare to 
leaves as mention by Peverly. Plants were able to tolerate high concentrations of 
nutrients and heavy metals, and in some cases even to accumulate them in their 
tissues (Stottmeister et al., 2003). 
 
However, due to plant wilting, plants in CRM-W systems contain more heavy 
metals compare to PTM-W and Control. Batty and Younger (2004) revealed that 
severely contaminated in waters can have a negative effect upon the growth of 
wetland plants and causing plant wilting. The physical appearance of plant wilting 
was shown in Figure 4.16 to Figure 4.19. 
 
Eichhornia crassipes was accumulate more Fe compare to Mn. This is due to 
Fe2+ was the micronutrient for plants that was required in higher concentration than 
Mn2+ (Kamal et al., 2004).  
 
 
 
4.6 Effect of Treatment Systems to the Physical Appearance of Plants 
 
The constituents in leachate will effect the growth of the wetland plants. 
Table 4.4 summarized the physical appearance of plants in Control and both 
treatment systems. Figure 4.16, Figure 4.17, Figure 4.18 and Figure 4.19 show the 
conditions of plants from week 1 until week 4.  
 
 Table 4.4 shows the quantity of wilting plants in Control, PTM-W and CRM-
W system. In the first week of treatment, the plants look healthy and green. In the 
second week of treatment, plants in PTM-W and CRM-W start to wilting. For the 
third week, there were more plants wilted in CRM-W systems. Referring to Figure 
4.11, it shows that 100% Fe was removed in CRM-W systems compared to Control 
and PTM-W where there were still plenty of plants but the Fe was not totally 
removed yet. It shows that magnetic field was significant affected the heavy metals 
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uptake by plants. End of the experiment, quantity plants in Control was still a lot and 
the plants in CRM-W systems was the less. The plants in CRM-W were also partially 
wilting. 
 
Table 4.4 : Amount of partial and complete wilting of plant’s leaves in 
constructed wetland systems 
Wetland systems Week 
Control PTM-W CRM-W 
1 Complete wilting-none 
Partial wilting-none 
Complete wilting-none 
Partial wilting-none 
Complete wilting-none 
Partial wilting-none 
2 Complete wilting-none 
Partial wilting-5 
Complete wilting-2 
Partial wilting-7 
Complete wilting-5 
Partial wilting-8 
3 Complete wilting-2 
Partial wilting-3 
Complete wilting-5 
Partial wilting-10 
Complete wilting-10 
Partial wilting-5 
4 Complete wilting-none 
Partial wilting-3 
Complete wilting-2 
Partial wilting-10 
Complete wilting-none 
Partial wilting-5 
 
 
 
 
 
 
      (a)         (b)          (c)   
Figure 4.16 : Physical appearance of plants in (a) Control system, (b) PTM-W 
system and (c) CRM-W system, show the plants were in healthy condition in 
week one 
 
 
 
         
 
 
       (a)         (b)          (c)   
Figure 4.17 : Physical appearance of plants in (a) Control system, (b) PTM-W 
system and (c) CRM-W system, show the plants in PTM-W and CRM-W 
systems start to wilting in week two 
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  (a)        (b)         (c)   
Figure 4.18 : Physical appearance of plants in (a) Control system, (b) PTM-W 
system and (c) CRM-W system, show the plants in control systems still healthy 
and in CRM-W systems more plants was wilting in week three 
 
 
 
 
 
 
     (a)          (b)           (c)   
Figure 4.19 : Physical appearance of plants in (a) Control system, (b) PTM-W 
system and (c) CRM-W system, show almost all plants in CRM-W systems was 
wilting in week four 
 
 
 
4.7 Conclusions 
 
Leachate was categorized as toxic substance. In this study the leachate 
concentration used was 50%. From previous study done by Hui (2005), 50% leachate 
concentration will give the highest removal efficiency in removing NO3-N and Mn 
which were 64.51% and 53.13% respectively. For magnet system, 6 set of permanent 
magnet was used with strength 0.55 Tesla. The circulation of leachate was done in 
PTM and CRM-W system. The circulation was 1.8 mL/s for duration of 6 hours. 
Study by Johan (2003) showed that the flowrate 1.8 mL/s will give the optimum 
precipitation of TSS in wastewater. Zulfa (2005) revealed that 6 hours of exposure to 
the magnetic field was the optimum time to precipitate the TSS in leachate.  
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Result obtained in leachate treatment using wetland shows that wetland was 
efficient in removing of BOD, PO43- and NO3-N. After 27 days of treatment, wetland 
(Control) was able to removed 83% of BOD, 57% of PO43 and 99% of NO3-N.  
 
However, treatment using wetland with magnetic field can reduce time of 
treatment. Magnetic field was effective in removing the pollutants in leachate 
especially heavy metal. CRM-W systems able to removed 100% of Fe in 17 days of 
treatment. Although cannot remove 100% of Mn but CRM-W system able to give the 
highest removal which was 87.69% compared to Control and PTM-W.  Vickl (1991) 
revealed that the molecule charge/electron at normal condition was in disorder will 
be parallel with magnetic field direction when exposed to the magnetic field (refer 
Figure 2.7). This behaviour was supported by Beruto and Giordani (1995), said that 
the forces affecting the particle charge will separate the positive and negative ion 
(refer to Figure 2.10). 
 
 Magnetic field has also posed a great role in reducing BOD and COD. The 
CRM-W system had removed 81.33% of BOD and 77.75% of COD. Mention by 
Johan (2001), the treatment of wastewater using magnetic field was three times better 
compare to without magnetic field in removing BOD and COD.  
 
Wetland plants play an important role in wetland systems. It provide surface 
for microbial to attach and growth. The microorganisms help in nitrification process. 
It was also responsible in reducing the heavy metals in leachate. In this study 
Eicchornia crassipes which was the floating type was used. Eichhornia crassipes 
had ability to transport oxygen to the roots. Metals can be taken up by roots, 
transported upward to above-ground tissues. The heavy metals accumulation was 
more in roots compared to in leaves. The wilting plants need to be removed from 
wetland system to prevent it degrade and prevent the recycling of heavy metals.  
 
 
 
 
 
  
 
 
 
 
 
CHAPTER 5 
 
 
 
 
CONCLUSIONS 
 
 
 
 
5.1 Conclusions 
 
 There were several conclusion can be drawn in this research. Wetland with 
magnetic field had a great ability in removing COD and ammonia nitrogen in 
leachate. After 6 hours of treatment, CRM-W gives the highest removal efficiency of 
COD and ammonia nitrogen which were 42.62 % and 64.17%, respectively. After 27 
days of treatment, CRM-W manages to reduce 77.75% of COD and 97.35% of 
ammonia nitrogen in leachate.  
 
Treatment of leachate using wetland had contributed in removal of BOD, 
orthophosphate and nitrate nitrogen. At the end of 27 days of treatment, both 
treatment systems and control had ability to reduce those parameter in leachate.  
 
Magnetic field was very significant in removing the heavy metal in leachate. 
Magnetic field can also reduce time of treatment. For CRM-W, 100% removal 
efficiency of ferum was achieve in 17 days of treatment compared to control and 
PTM-W required 27 days of treatment to remove 100% of ferum. The highest 
removal efficiency of manganese had also achieved by CRM-W system which was 
87.69%.  
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Eichhornia  crassipes had shown capabily to absorb heavy metals in leachate. 
It shows that wetland plant plays an outstanding role as a heavy metal 
decontaminator. Eichhornia crassipes accumulates higher concentrations of heavy 
metals in root than in leaves. This demonstrates that uptake was significant and root 
provides a surface for particulate adsorption and microbial growth. However, in 
CRM-W system, higher accumulation was achieved due to plant wilting. Plant 
willing can increase heavy metal in the systems and were re- absorb by plants. 
 
 
 
5.2 Recommendations 
 
Extensive study can be done for future research in order to gathered more 
information on mechanism removal using magnetic field and constructed wetland.  
 
(i) Extensive study can be conducted in 5 days of treatment due to high 
removal efficiency was achieved in this time of period; 
 
(ii) To use varies flowrate to circulate the leachate through the magnetic 
field; 
 
(iii) To varies the time of leachate circulation through magnetic field; 
 
(iv) To study the removal efficiency using stages of treatment, for 
example, 2 stages of constructed wetland; and 
 
(v) Plant harvesting should be done to prevent recycling of accumulated 
metals when the plants decomposed.  
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Table A1 : Initial condition the quality of leachate. 
 
Parameter           mg/L 
COD 427
BOD 150
NH3-N 36
PO43- 39.5
Mn 0.3495
Fe 0.171
NO3-N 180
 
 
 
Table A2 : Quality of leachate after 6 hours of treatment 
 
30 Dis 2005     
Control PTM-W CRM-W 
COD 288.5 COD 402 COD 245 
BOD 130 BOD 100 BOD 80 
NH3-N 16.025 NH3-N 33.1 NH3-N 12.9 
PO43- 20.75 PO43- 37.12 PO43- 21.905 
Mn 0.257 Mn 0.277 Mn 0.154 
Fe 0.114 Fe 0.15 Fe 0.0535 
NO3-N 112.5 NO3-N 135 NO3-N 172.5 
 
 
 
Table A3 : Quality of leachate after 24 hours of treatment 
 
Tuesday - 3 Jan 2006 
Control PTM-W CRM-W 
COD 275.5 COD 258.5 COD 203 
BOD 65 BOD 80 BOD 60 
NH3-N 0.99 NH3-N 1.395 NH3-N 1.2725 
PO43- 18.67 PO43- 17.61 PO43- 20.605 
Mn 0.162 Mn 0.113 Mn 0.1245 
Fe 0.1095 Fe 0.119 Fe 0.057 
NO3-N 106 NO3-N 90 NO3-N 102 
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Table A4 : Quality of leachate after 36 hours of treatment 
 
Thursday - 5 Jan 2006 
Control PTM-W CRM-W 
COD 238 COD 221.5 COD 201.5 
BOD 11.2 BOD 18 BOD 20 
NH3-N 0.885 NH3-N 1.345 NH3-N 1.275 
PO43- 18.395 PO43- 17.365 PO43- 19.8 
Mn 0.1605 Mn 0.0985 Mn 0.112 
Fe 0.101 Fe 0.107 Fe 0.0195 
NO3-N 91 NO3-N 94 NO3-N 99 
 
 
Table A5 : Quality of leachate after 72 hours of treatment 
 
Wednesday - 11 Jan 2006 
Control PTM-W CRM-W 
COD 220 COD 189 COD 198 
BOD 18 BOD 15 BOD 14 
NH3-N 0.99 NH3-N 1.1325 NH3-N 2.19 
PO43- 18.38 PO43- 17.325 PO43- 19.345 
Mn 0.114 Mn 0.097 Mn 0.104 
Fe 0.047 Fe 0.054 Fe 0.008 
NO3-N 41 NO3-N 22 NO3-N 38 
 
 
Table A6 : Quality of leachate after 102 hours of treatment 
 
Monday - 16 Jan 2006 
Control PTM-W CRM-W 
COD 183.5 COD 182 COD 184 
BOD 25 BOD 18 BOD 12 
NH3-N 0.88 NH3-N 0.8675 NH3-N 4.1925 
PO43- 18.375 PO43- 17.22 PO43- 18.81 
Mn 0.107 Mn  0.093 Mn 0.0935 
Fe 0.054 Fe 0.054 Fe 0.001 
NO3-N 38.5 NO3-N 26.5 NO3-N 33 
 
 
APPENDIX A 
Raw Data 
86
 
 
 
Table A7 : Quality of leachate after 114 hours of treatment 
 
Wednesday - 18 Jan 2006 
Control PTM-W CRM-W 
COD 179 COD 170 COD 184 
BOD 15 BOD 21 BOD 14 
NH3-N 1.1875 NH3-N 1.295 NH3-N 1.73 
PO43- 18.275 PO43- 17.015 PO43- 18.535 
Mn 0.081 Mn 0.0755 Mn 0.07 
Fe 0.026 Fe -0.007 Fe -0.002 
NO3-N 33 NO3-N 24 NO3-N 30 
 
 
Table A8 : Quality of leachate after 144 hours of treatment 
 
Isnin - 23 Jan 2006 
Control PTM-W CRM-W 
COD 165 COD 170 COD 144 
BOD 13 BOD 10 BOD 18 
NH3-N 1.75 NH3-N 1.7925 NH3-N 1.52825 
PO43- 18.105 PO43- 16.465 PO43- 18.29 
Mn 0.071 Mn 0.062 Mn 0.066 
Fe 0.009 Fe -0.024 Fe -0.043 
NO3-N 24 NO3-N 23 NO3-N 29 
 
 
Table A9 : Quality of leachate after 156 hours of treatment 
 
Wednesday - 25 Jan 2006 
Control PTM-W CRM-W 
COD 158 COD 151 COD 198 
BOD 28 BOD 27 BOD 30 
NH3-N 2.025 NH3-N 1.2275 NH3-N 1.484333 
PO43- 17.755 PO43- 15.99 PO43- 17 
Mn 0.066 Mn 0.061 Mn 0.0625 
Fe 0 Fe -0.043 Fe -0.043 
NO3-N 24 NO3-N 19.5 NO3-N 20 
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Table A10 : Quality of leachate after 168 hours of treatment 
 
Friday - 27 Jan 2006    
Control PTM-W CRM-W 
COD 143 COD 125 COD 95 
BOD 25 BOD 23 BOD 28 
NH3-N 1.413 NH3-N 1.5645 NH3-N 0.9524 
PO43- 16.845 PO43- 15.94 PO43- 16.51 
Mn 0.062 Mn 0.054 Mn 0.043 
Fe -0.043 Fe -0.043 Fe -0.043 
NO3-N 1 NO3-N 1.5 NO3-N 8 
 
 
 
Table A11 : Ferum uptake by plants in roots and leaves 
 
 Leaves Root 
Initial plants 59.52 185.19 
Control 810.00 4000.00 
PTM-W 877.00 4190.47 
CRM-W 1326.64 4384.25 
 
 
 
Table A12 : Ferum uptake by plants in roots and leaves 
 
 Leaves Root 
Initial plants 29.76 37.04 
Control 47.38 65.66 
PTM-W 50.65 70.23 
CRM-W 51.60 78.29 
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Table B : Example of Varian Analysis Calculation (ANOVA) for COD removal. 
Comparison between control system and CRM-W system. The analysis shows 
the magnetic field was significant in removing COD compared to control. 
 
Days Control CRM-W 
0 427 427 
0.25 288.5 245 
4 275.5 203 
6 238 201.5 
12 220 198 
17 183.5 184 
19 179 180 
24 165 144 
26 158 100 
27 143 95 
 
Anova : Two-factor without replication 
SUMMARY Count Sum Average Variance
Row 1 2 854 427 0
Row 2 2 533.5 266.75 946.125
Row 3 2 478.5 239.25 2628.125
Row 4 2 439.5 219.75 666.125
Row 5 2 418 209 242
Row 6 2 367.5 183.75 0.125
Row 7 2 359 179.5 0.5
Row 8 2 309 154.5 220.5
Row 9 2 258 129 1682
Row 10 2 238 119 1152
Row 11 2 220 110 1800
     
Column 1 11 2417.5 219.7727 7315.618
Column 2 11 2057.5 187.0455 9094.023
 
ANOVA       
Source of Variation SS df MS F P-value F crit 
Rows 160649.8 10 16064.98 46.61122 4.8E-07 2.97824
Columns 5890.909 1 5890.909 17.09199 0.00203 4.964591
Error 3446.591 10 344.6591    
       
Total 169987.3 21         
 
 
 
